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Abstract 
Water pollution is an important problem in Mexico as it´s in other countries around the world.The UV 
Solar Radiation can be useful for water detoxification, unfortunately now a days in Mexico doesn’t exist 
robust data bases about UV Solar Radiation and it´s the first obstacle to develop projects like that. By 
other hand, the UV Solar Radiation is the responsible of several diseases like cataracts and melanoma and 
can detonate other illnesses. In Mexico, cataracts are considered a public health problem according with 
the health sector. 
In this work was developeda correlation between Global Radiation and UV Solar Radiation in Mexico 
City, taking advantage of the existing databases aboutGlobal Radiation. In order to find an appropriate 
model, it was necessary in first place to perform a statistical and seasonal analysis of Global and UV 
Solar Radiations, concluding that a linear model was the one approaching most between both variables. 
The results for Mexico City were that UV Solar Radiation is equal to 3.57% of horizontal Global 
Radiation. The next step was to study thecloudiness influence on the results obtained and for that reason, 
the clearness index was analyzed. Another result of this was that duringthesummer, when most of the 
days were partly cloudy, higher levels of UV Solar Radiation were reached.It was because the small water 
drops in the atmosphereactuatedas small lenses and this factor affects directly the UV Solar Radiation 
flow. 
For this reason this work aims to develop a UV Solar Radiation statistical model for mexican conditions 
and it will be validated using spectral models (SMART'S [1])and ground measures that will be taken with 
carefully calibratedradiometers and UV spectrometers. 
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1. Introduction 
The progressive increase in ultraviolet (UV) radiation that reaches the Earth's surface as a result of the 
decrease of ozone layer in the stratosphere has highlighted the importance of avoiding prolonged exposure 
to sunlight to prevent damage to health. The biological, ecological and physical problems produced by 
this type of solar radiation in recent years, have aroused considerable interest in deepening their study, in 
many countries. 
UV radiation is used in processes of photodecomposition of organic residues present in contaminated 
water, and photodegradationof plastics and natural or synthetic fibers; however, the exposure to UV 
radiation can also cause diseases such as skin cancer and cataracts. 
To facilitate its study, UV radiation is subdivided into three bands: UVC (100-280 nm), which is 
completely absorbed by the ozone layer, UVB (280-315 nm), which is partially absorbed and scattered in 
the atmosphere, and UVA (315-400 nm), which represents the largest type of UV radiation received by 
the Earth's surface.Considering the spectral solar irradiance in space bands UVB and UVA represent only 
7.45% of the total radiation emitted by the Sun that influences Earth before passing through the 
atmosphere. After passing through the atmosphere, the radiation UV type A and B represents the 5.90% 
and 1.33% respectively [2]. 
UV irradiance can be determined in two ways: by direct measurement or by some method of 
estimation. The spectroradiometers are devices that are used to determine the amount of energy being 
received as well as the wavelengthof such energy. 
Unfortunately the cost of the required equipment dramatically increases when adjusted for measurement 
in these wavelengths, instead are used alternatively thesolarimeters. 
The stratospheric ozone containing a layer around the earth protects from UV radiation coming from the 
sun, but the decrease in the ozone layer in the stratosphere has increased UV radiation which reaches 
theterrestrial surface. Due to this, it is important to quantify the UV radiation received, since it is capable 
of breaking some types of biological molecules such as DNA [3]. 
The spatial and temporal variation of the irradiance of UV radiation on the surface of the earth, 
dependson factors such as latitude, altitude and local weather conditions. The resulting effects of sky 
conditions, such as water vapor, aerosols and ozone amount also affect the transmission of ultraviolet 
radiation on the earth's surface. Thus, the composition and concentration of the air vary according to 
geographical position, elevation and time of year. 
Earth's atmosphere is composed of about 99% of molecular nitrogen (ܰ2) and molecular oxygen (ܱ 2) 
also contains water vapor and aerosols. The content of water vapor and aerosols in the atmosphere is 
highly variable, however, to examine the opacity of the atmosphere to solar rays, the components are 
grouped into the atmosphere: dry air molecules, water vapor and aerosols, in order to know to what extent 
the solar radiation is attenuated (scattered or absorbed) by each of these variables of the atmosphere[4]. 
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Nomenclature 
 
ܪ௎௏௛  Hourly value of UV component of solar irradiance at the surface (W/m2) 
ܪௗீ  Daily average value of global irradiance at the surface (W/m2) 
ܪ௛ீ          Hourly value of global solar irradiance at the surface (W/m2) 
IG            Solar Irradiance at the surface (W/m2) 
IUV       UV component of Solar irradiance at the surface (W/m2) 
KT         Clearness index 
ܭ௛்      Hourly value of Clearness index 
ܭௗ்      Daily value of Clearness index 
 
2. Data Analysis 
The global, diffuse and UV Solar Radiation has been measured since the year 2010 in the Radiometric 
Station that was installed in the IINGEN Solar Plant located in Mexico City (19°19’N, 99°11’W and 
2324meters above sea level). The measurements have been taken every second and the data base contends 
dates which are the average of five minutes. The Global Radiation is measured with a pyranomether LI-
COR model PY26523 and the UV radiation is measured with a radiometer Eppley model TUVR. 
The hourly data base has been generated since January 2010 and as result of this many stationery periods 
have been covered. The calibration of these instruments have been taken carefully each year and the 
cleanness has been made each week (or daily if necessary). An important observation is that in Mexico 
exists aGlobal Radiation data base, but notan UV Solar Radiation data base.For this circumstance it is 
important to establish an accuratecorrelation between two variables to determinate the levels of UV Solar 
Radiation from Global Radiation. 
 
 
Fig. 1. Radiometric Station 
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3.  Results and discussion 
3.1 Lineal UV Radiation Model 
The behavior of global radiation and UV radiation follow the same oscillation sequence as was deduced 
with  the model which best describe this tendency as it ispresented in a lineal model for  the case of 
Mexico City, the results are shown in the table 1 
Table 1. Lineal models into global radiation and UV radiation for Mexico City  
Season of the year M r R2  
Spring 0.036 0.993 0.986 HUV=0.036*HG ±2.109 
Summer 0.039 0.984 0.965 HUV=0.039*HG ±2.9 
Autumn 0.035 0.940 0.884 HUV=0.035*HG ±6.33 
Winter 0.033 0.999 0.998 HUV=0.033*HG ±0.462 
 
The conclusion of thisstudy inMexico City is that Ultraviolet Radiation corresponds to 3.57% of 
GlobalHorizontal Irradiance and therefore the following equation is deduced to calculate the hourly 
Ultraviolet Radiation for Mexico City conditions. 
ܪ௎௏௛ ൌ ͲǤͲ͵ͷ͹ ή ܪ௛ீ േ ʹǤͻሺͳሻ 
 Other authors have obtained similar relationships, for example  in Granada,Spain, it was findthat the UV 
irradiance represents 4% of the global irradiance, while in Almeria, Spain, this value is 3.7% 
Subsequently using this correlation and the results obtained of Global Irradiation by Estrada-Cajigal [5], 
we can be obtained UV irradiance values. This model just considers maximum and minimal periods of 
Global Irradiation. 
Table 2. Minimal UV irradiance results for some locations in Mexico.  
Location ܪ௛ீ (Estrada-Cajigal) W/m2 ܪ௎௏௛  calculate 
(W/m2) 
Season of the 
year 
Veracruz, Tamaulipas 222 8 Winter 
Yucatan, Quintana Roo, 
Campeche 
296.3 11 Winter 
Nayarit 333.3 12 Winter 
Mexico City, Chihuahua 444.44 16 Winter 
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Table 3. Maximum UV irradiance results for some locations in Mexico.  
Location ܪ௛ீ(Estrada-Cajigal) W/m2 ܪ௎௏௛ calculate 
(W/m2) 
Season of the 
year 
Baja California, Sonora, 
Mexico City, Chihuahua 
1148 41-42 Summer 
Coahuila, Nuevo León, 
Tamaulipas 
1000-1037 37-38 Summer 
Chiapas, Guerrero, Oaxaca, 
Michoacan 
666-814 24-29 Summer 
 
3.2 Clearness Index Analysis. 
 To determine the correlation between UV radiation and cloudiness, it was necessary to study the sky 
clearness index (Table 4) and use the sky classification proposed by Escobedo Joao[6].For this reason 
was necessary to make a seasonal classification  asshown in the following figure (2). 
Table 4. Sky Clearness index classification by Escobedo Joao [6].  
Category Skycondition Description 
1 ܭ௛்≤0.35 The direct 
radiation is 
zero, cloudy 
sky. 
2 ͲǤ͵ͷ ൏ ܭ௛் ൑ ͲǤͷͷ The diffuse 
component is 
larger than 
direct 
component, 
partially 
cloudy with 
predominance 
of diffuse 
component. 
3 ͲǤͷͷ ൏ ܭ௛் ൑ ͲǤ͸ͷ The direct 
component is 
larger than 
diffuse 
component; the 
sky condition 
is partially 
cloudy with 
predominance 
of direct 
component. 
4 ܭ௛் ൐ ͲǤ͸ͷ Clear sky 
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Figure 2. (a) Frequency distribution of clearness index, winter, (b) Frequency distribution of clearness index, spring, (c) Frequency 
distribution of clearness index, summer, (d) Frequency distribution of clearness index, autumn. Vertical dashed lines define the 
regions of KT values associated to the sky conditions. 
 
 The most important effect occurred in the summer despite of that exist a predominance of the days type 3 
when the sky condition is partially cloudy with predominance of direct component in this case.Another 
finding is that during the summer, when most of the days are partly cloudy, the highest levels of UV 
radiation were 42 W/m2 
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4. Conclusion 
The hourly global and ultraviolet irradiance over a horizontal surface has beenanalyzed for Mexico 
City since 2010 in order to establish their relationship. From this model of UV Radiation, itwill be 
possible to know the amount of UV energy receivedon the Mexican surface; this tool will allow to decide 
which places are particularly interesting in order to make terrestrial measurements with .the objective to 
validate the model. Then it can be build a robust database, that is going to be a tool that will assess and 
validate spectral parametric models such as SMART'S, designed by Chris Gueymard for Mexico 
conditions with ground measured data. This research opens the door to make a model that takes into more 
input variables such as data from satellites, albedo, ozone column, altitude and topographical conditions, 
in order to obtain a model with higher accuracy. As mentioned in the introduction, the measurement and 
modeling of Ultraviolet Radiation is relevant to know the degradation of materials, photocatalytic 
oxidation and to predict erythematic index, among others.With the clearness index was possible to give an 
explication for observed effect when sky is partially cloudy but whenthere is a predominance of direct 
component, the highest levels of UV Radiationtake place due totiny water drops acting as small lenses, 
and this is a factor that directly affects the UV Radiation flow. In Mexico the highest levels of UV 
radiation took place in summer. According with this model, the places with the highest UV potential are 
the states of Baja California, Sonora, Chihuahua, and Mexico City. 
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